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ABSTRACT 



Provided are compounds ot tormula (I) 




(0 



wberem A, Q. W, X, 2, to R„, tn and n are as defined 
berriP- Compounds of the mveqUGu fwd lo o,^ integnQ 
rcccpiors and tnertby inhibit binding of tisand* for a, 
cnicgrin* which useful (or pruphyiatuc and/or thefajMuUc 
truatment of diseases aqd cundition* a^ociaied with a 4 
integrins or their ligands 
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CNTEGRIN BECEPTOB flNHIrHTOftS 
RELATED AFPLlCAflONS 

This application is a continuation application filed under . 
37 Cf R 1.53(bXl). claiming priority under 35 USC §120 to 
*pphca«oa Scr No. 09/932,695, filed Aug. 16, 2001 now 
abandoned, and under 35 USC §H9(e) to provisional appli- 
caiion Serial No 60/226,626, filed Aug. IS, 2000, the 
contents of which arc incorporaTod herein by reference JQ 

HELD OF THE INVENTION 

The present invention relates to novel compounds useful 
as therapeutic, prophylactic or diagnostic agents having wherein 
binding affinity to wtcgnn receptors, «n particular to a+ i5 
mlegnns 

BACKGROUND OF THE INVENTION 

The mtcgrins arc a/f* hetcrodimcric cell =>urfecc receptors ^ 
involved in numerous celluUr process*:* from cell adhesion 
io gene regulation (Hynes, Cell 1992, 69, ll-25i Heniler, 
Annu- Rev. Immunol 1990, a, 36S-36S). &vc f 4 mfegrins 
have been implicated «u dtseasc processes and have gener- 
ated widespread interest as potential target* for drug di»- ^ 
covery (Sharnr el at, Springer Serum Irnmuuopathology 
1995, 16, 359-378). In toe immune system, hue grins aic 
involved in leukocyte trafficking, adhesion and infiltration 
during inflammatory processes (NaJcajioaa ct at, J. £xp. Med. 
1994, 179, X145-1154), Differential expression of integrity 
regulate the adhesive properties of cells and different 
lmegnn* *re involved m ddfrreut mJUounarary responses 
(Butcher e\ al, Science 1996, 272, 60-66). The imegrins, 
aJ3 j ( Vi-A-4) and o^Pt (1_PaM), arc expressed primarily on 
monocytes, lymphocytes, eosinophils, basophil*, and mac- 
rophages out not an neutrophil* (Bices et al, Cell 1990, 60, 
577-584)- The primary lig&ucb tor ci^ integrum arc Uio 
endothelial surface proteins mucosal addrcssin cell adhesion 
molecule (MAdCAM) and v^acukr cell ddhcMon molecule 
(VCaM) with lower affinity (Malcarcrn ci al, J Biol Chcrn 
1994, 269, 4O0S-^0U). The binding of the <x A ^ 1 or to 
M Ad CAM and/tor VCAM expressed on high endothelial 
venules (H£Vs) at site* of inflammation results in firm 
adhesion of ihc leukocyte to the eridOIueUum lOllOwed by 
extravasation into the inflamed tb&ue (Chuluyan et at, 
Springer Semin. Imraunopalhology 1995, id, 39J-J04) 
Mongtlun*! antirxxhci directed against a^|3,, ( a -p7» MAd- 
CaM or VCAM have been shown to be effective modulators 
in animal models of chronic inflammatory diseases such a* 
asthma (Simmons ei al, Blood 1992, 80, 3SS-395), rheu- 
matoid arthritis (Ra) (Juliano et ai, Current Opinion Cell 
Biology 1993, 5, 812-818), and inflammatory bowel dis- 
eases (IBP) (Uoergc ct al, Am. J. Rcspir. Crit Care Med. 
1995, 151, 822-829 and BarbaaiUa ct al, Springer Serein 
lmmunop4ihology 1995, 16) Wpjlc antibodies nave shown 
efficacy they must be administered pa rente rally and are 
inherently cumbersome to produce Accordingly, ii would be 
desirable io provide small molecule compounds wtucb 
inhibit the interaction between ix # uitegrins and Ugands 
MAdCAM and/or VOaM wnicn would be usefiil for treat- 
ment of chronic inflammatory disease* »ucb su> arthrili*, 
asthma, multiple sclerosis, Chrohn's disease, ulcerative 
colitis, aad hepatitis C. 

SUMMARY OF THE INVENTION 

Accoruing to an aspect of cue present invention there i=» 
provided compounds of formula (I) 




(I) 



30 



35 



50 



55 



A is a 5 or 6 member, saturated or unsaturated carbocycle 

or beierocycle optionally subswuitd by ova and R 4 , 
Q is alkyl, alkcAyl Or alkynyl Optionally Substituted with 
halogen, carboxyl, alkyi or aryl, and wherein one or 
more carbon atom* are optionally replaced with 0, N, 
NR^ S, SO, or SO^ 
X is —CRs— or — N — , 
Y is H, — CHRjr- \ — CR^— , or a bond; 
Z is H. — CHRa— . «=CR 3 — — NR a — , =N— , O, S, 
SO, S0 2 or a bond/ provided that when one of Y and Z 
is H men the Other is also H; 
W is — C(0)NRe— . —NRe.CCO)— , -^-C(S)NR B — 
_^JR B C(S)— , NR fl , O, S, SO,, — CHry — , — C— 
— NRoSO.— , ^SO^NR^ p ^OC(0)NR p ^., 
— NR.C(0)0— , — OC(S)NR a — — NR A C(S) O—, 
-S— C(S)NR n — , —C{Oy-, — NR o C(O)NR 0 — or 
— NR D C(S)NR 0 — 
Rj i& hydrogen or is selected from the gru u p consisuna ot 
alkyt, alkenyl and alkynyl, each of wtucu is opnonaUy 
substituted with hydroxy I, Halogen, amino, nwro, 
carooxvl, a carDocvcle, or a heterocycie; or R 1 is a 
carbocycle or heterocycie optionally substituted with 
hydrOxyl, Oxo, balogep, ammo, or mlrO, 
R z is selected from the group corts*sung of aikyl, alkenyl 
and alkynyl, oacb uf -which «a optionally subaiiiuicd 
wim halogen, hydroxy], oxo alkoxy, amino, nitro, 
carboxyl. carboxamido. acyl, acyioxy, amidinyl, 
gUamdjnyl, thiol, alkylthio, or one or more carbocycle 
or heterocycie optionally substituted *nn halogen, 
hydroxyl, oxo, alkoxy, amino or carboxyl; or R 2 is a 
carbocycle or heterocycie optionally substituted 
halogen, hydroxy^ oxo, alkoxy, ammo, miro, carooxy}, 
acyl, ac^Joxy, alky I, alkenyl, alkynyl or a carbocycle or 
heterocycie Optionally substituted with halogen, 
hydroxyl, oxo, alkoxy, amino or carboxyl, 
ft a and R 4 are independently selected from the group 
consisting of H, hydroxyl, halogen, amino, nilro, 
carboxyl, alkyi, alkenyl, alkyoyL a caroocyck and a 
hcicrucydc* wherein *aid alkyll alkenyl, alkynyl, c^r* 
bocycle and heterocycie groups are optionally subsu- 
luted w*lh one or more subslilucnts selected from ihe 
group con>isimg of hydroxyl, halogen, ammo, oxo and 
carboxyl, and optionally one or more carbon »U»ms of 
said alky I, alkenyl and alkynyl group is replaced with 
N, NR^ O, S, SO or SO,; 
Rs is H or alkyi, alkenyl or alkynyl optionally having a 
carbon atom replaced with O, N or NR 0 , and optionally 
instituted *ith COORj, or R a tugethcr with ibe c 4 r- 
Don atom from which u depends forms a double bond 
to an adjacent carbon or nitro^n atom of Q; ur Rj 
logcrhcr wim a non-adjaccm cajboa or mtrogen atom of 
Q form a carbocycle or heterocycie. 
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R„ hydrogen, alkyl, alkenyl or alkynyl, methylene group adjacent to the group X u> replaced wim a 

m and q arc independently l f 2 oc 3, nitrogen atom or NR tf and more preferably with an oxygen 

and salts, solvates and bydraies thereof atom, la a particularly preferred embodiment, Q is 

In another aspect of the invention, there IS provide U — O — CHa — wncruia ibc oxygen aiorn ^ adjacent u> ibe X 
pnanoacciuical compostnoDS cooipnsing & compouqd of the 5 ^ r ° w P 

wvequoq and a pbarroaceuq^lly acceptable carrier, excipi- x * » frvfewifi group — CR 3 — or — N— from which the 
cnt or adjuvant firoup Q depends In 4 preferred embodiment X is — CRj— 

In another aspect of ibe invention, there is provided 4 wherein K 5 is H. In another embodiment R s i*» alkyl, aJkcnyl 
method of i nhib iting binding of aa a, miegtm to a protein ur *&y&yl optionally having u carbon atom replaced wim 6, 
ligand comprising contacting said a 4 inicgrin with a com- ,0 Nuj NR» *° d iv opwonally substituted with COORj. By 
pound o: the invention, "alky!", "alfcenyr and "alkynyr i* meant herein to be 

Iq another aspect of the iqveqtroq, mere is provided a Hrafeftt qj branched aliphatic group* having 1-10 carbon 
method of treating a disease or condition mediated by o^ aujm*, preferably 1-6 and more prtfeubly Preferred 
iotegnn receptors or Uganda of integrin receptors in a 4lk Vl groups arc mctbyl, ethyl, propyl, i-propyl. n-buiyl, 
ouramai, ibe mctbod comprising administering 10 said i-owyl, *-buiyl and r-buryl. Preferably, R^ > an alley! group 
mammal an effective amount of a compound of the inven- having 1 to 3 carbon atom* or methylene group* m length 
tion. is substituted With COOR a . More preferably, R s is 

_ V __ A . T nconDiimA #\r? ™, — (CH^— - COOR,. In another embodiment, R 5 together 
PfcTAU_E£> OTSCtUPTlON OF THE W|m wc ^^hm <,lom from which it depends forms a double 

INVENTION 20 oond 10 an adjacent carbon or niirogen atom of O la yet 

Compounds arc provided having wading affinity for a 4 another embodiment R 5 together with a non-adjacent carbon 
intcgrins, having the general formula (I) or nitrogen atom from tnc group Q form a carbocycie pr 

hcterocycle Id thia context, a preferred embodiment is, when 
0) R 3 and the carbon atom 10 Q wfaieh 1* beta to me group X 
23 form a i,3-dioxolanc nag. In a particularly preferred 
embodiment* the cuoxolanc ring is spiro at X and tbe two 
oxygen atoms are alpha to tbe X group. 

Y is — CHR, — , — CKf^, or a bond and Z is H, 
— CHR 3 — =~Ck 3 — , — NR 5 — , =H-~, 0, S, SO, S0 2 or 
30 a oond, provided mat when one of Y and Z i» H iben tne 
Ri _ w _L |[ V-^r \ omcf ia also H. In a preferred embodiment, one of Y and Z 

J V v„ is a oond wndc the otberw—CHR a — thereby forming a s*x 

R / v — -jt member ring fused to ring A and ibo beq2eqe nog of formula 

3 (1) rtaiulung tu 4 irivyv'Uc ring sy^cm. lo anntbcr preferred 

35 embodiment Y and Z are botb — CIIR^— thereby forming 
wherein A, 0, W, X, Y, 2, ft 4 to R^, m and n are as denned a seven member ring- In a more preferred embodiment, Y 
Herein, and Z are bodi H wnetem ring A and tbc beozene r*u$ of 

Ring A is a 5 or 6 member, saturated or iuu>4turaied forrauU (1) am linked via group X rather tb*n forming a 
carbocyclo or nctcrovyclc optionally subwiruicd by oxo fused tricyclic ring ^tcm. In a more prefcrred tsmbottim^m, 
(=0) and R,,. By * % carbocycje" ii meant herein to be a ^ Y and Z arc botb a bond thereby forming a five mcrnbci nag 
mono- bi- or tricyclic nng system comaimng a 4-16 carbon fused to ring A and tbs benzene ring, and in a mo&i preferred 
atom scaffold that U saturated, pamaUy unsaturated or fully embodiment the live number ring togemer with nng A and 
unsaturated including aromaiic In rhc context of rmg A, ibe beq/ene nng of formula (I) form a fluurenyt rmg 
suitable carbocydes mclude cydoalkyl, cyctnalkcnyl and W ts — C(Q) NR a — — £^^0(0)— , ~C(S)NR 0 — , 

aryl. In a preferred embodiment, ring A is a carbocycie 45 — NR^S)-— „ NR or O, S, SO^, — CH- — . C , 

selected from the group consisnng of cyclopcntyl, eyefo- — KR 0 S0 2 — , — SO.NRtf— , — OC(0)NR 0 — ] — Vm o C(0) 
bearyl and benzene In a most preferred embodiment ring A Q — , — OC(S)NR 6 — , — NR 0 C(S)0~~„ — C(5)NR <5 — 7 
is bemrue. In another embodtment, ring A is a nctcrocyclc. ™C(0)— , — NR D C(0)NR 0 — or — NR^C(S)NR 0 — Jn a 
Ry '-neterocyclc w is mcaqt nerem to be a mono-, bi- or particular embodiment W is the amido group — C(O)NR 0 -^- 
trteyUiv ring ^y^icm comprbing a combuiatiuq of 4-16 so wbcreiq tbc niirogen atom *s adjacent to the benaene ring Of 
carbon aqd beiero atom* (*-c N, O, and S, as wtU as SO aqd formula (l), or alternatively — NR 0 C(O)— wncrein tbe 
SOJ tbai is saturated* parbally unsaturated or fully uriaai- carbonyl is adjacent to the benzene ring In anoiber particu* 
or ated including 4romatic In me context of ting A. preferred Utiy embodiment W i£ tbc sultunamido group — NR & SO* — 
bcterocyclos arc 5 and b member rnonoeyclc^. Parriculaily *berein tbe sulfur atom adjacent to tbe benzene ring," or 
preferred nug A belerocyeks mclude pyridine, pyran, 55 altcmauvcly — SO^NR^ — wherein me ninogen atom is 
pyrumdme, pyraxme, pyridasdnc, pyroie, furan, tmopqene, adjacent to the benzene ring. Iu the context where w p 
unidaaolc, pyrazole, thia20k and tnazuk Jt u» appreciated amido or sujfoqamido, R w ^ preferably H or C:,. 4 aflcyl and 
matmgAeqcorapasseshcterocyclc^in wnicb me neieroa- more preferably H or methyl. In anoiber particular 
10ms may be snared with the central ring, if present, and/or embodiment, W is O In a particularly preferred embodiment 
may be adjacent to X 00 Wis NRa wherein R„ is H or C,.« alkyJ and particularly 

Q is a divalent aUryl, aUvcnyl or alkynyl unking group or methyl 
optionally substituted wnb halogen, carboxyl, alkyl or aryl. R x is bydrogeq or is selected from ibe group consisting of 
4 qd vk herein one or more carbon atoms arc uptiurully alkyl, alkenyl and aQcynyl, each ot which is optionally 
replaced with O, NR„, S, SO, or SO a . In a prcterrcd substituted with hydroxyL halogen, amiuo, niuo, catboxyl, 
embodiment, Q is alkyl having 1 to 3 carbon atoms or o> a carbocycie, or a heicrocycle. By "amino" is meant herein 
methylene groups in length, and more preferably length of lo be a primary, secondary or tertiary atnjqc substituted with 
2 methylene groups. In anottier prcterrcd embodiment, the alkyl, aJkeuyU alkynyl, aryl, or aralkyj each opaonaily 
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substituted as provided herein. By "carboxyr is mcaw 
bcmn to Do — COOB as well us cafDoxy «w groups 
thereof, and ia pamcular alkyl esters thereat Alternatively 
R 4 is a carboeycle or bcterocycle optionally suhsuiuied with 
hydroxy I, oxo, aalogco, amino, or nuro. In a prefenxd 5 
embodiment R A is H or a group which is liberated m vivo to 
yield a free carboxy group — -QGyCr 

Ra pi altered from the group consoling of aJkyl, alkenyl 
and ajicynyl, cacti of wtuCD is optionally ^ubsuiuted will 
halogen, hydroxyl, oxo (=0), alkoxy, arouio, ouro, iu 
carboxyl, carboxamido, acyl. ecyloxy, anudwyl ( — C(Wi) 
NH — or — NHC(NH)— ), guaoidinyl ( — NHC(NH)NH — ), 
thiol, alkylihW, or one or more c*rbucyclc or bctorocyclc 
up^ooaUy substituted wiih halogen (F, CI, Br or IX hydroxy!, 
oxo, alkoxy, amino or carboxyl. By " aUcuxy" is me am herein 1 5 
10 include — O-alkyl, — O-alkcnyl and — O-alkynyi wherein 
alkyl, alkenyl and alkynyl arc as previously defined By 
"acyr is meant herein io be & subsutuied caroonyi ( — C 
(0>— ). Suitable acyl groups include alkanoyl, aroyl and 
aralkanoyl. Suitable acyioxy groups include alkanoyloxy, a» 
aroyloxy and aralkanoyloxy In a particularly preferred 
embodiment R? is a naruraliy occurring or non-uaiurally 
occurring £> >n L tuu&o acid rcoiduc in wj»ch Wo tdpfia 
nitrogen or alpha amino group is op uonally acylated. In 
particularly preferred embodunenis, WisNft fl and R~ U is 
N-acocyHyroainc, D-iyrosme, phenylalanine, benzoyl, 
isonipccoioy], 4-»ieiboxypncnyUcciyl. 1-duorcnyl- 
carbonyl, l-uaputboyl, 2-napbihoyi, 3-hydroxy- 
pbcnyUlamoc, 3-iodoiyruoinc, 3-fluurO- tyrosine, 3-chlurv- 
lyrosonc, 4-(4-hydrQxyphenyl)-bcnzoyl, 2A5,6-tetr4fiuoro- 
tyrosinc, 6-hydroxyaapbiuoy i. 2-phenyl-3-(4- 
nydroxypbeayl)p*opanoyl and N-acetyl-3-(*~ 
UydroxyphcnyI)prouDc lu a more preferred embodiment R 2 
U 4 tyrosine amino acid reside and more preferably a 
tyrosine residue wherein the alpha nuro©m is acylated with 
acetyl (i N-at*ryl ryrosinc). 

In another embodiment lt> is a carboeycle or bctcrocyclc 
opuonaUy substituted v#iih one or more halogen, nydroxyl. 
oxo, alkoxy. amino, mtrn, carboxyl, acyl. acyioxy, alkyl, 
alkenyl, alkynyl or a carboeycle or neoerocyclc optionally ms 
suosntuied \vith halogen, hydroxyl, oxo, alkoxy, amino or 
c^rboxyl In a particular embodiment a Qctcrocycie 
subsmuicd wiib a pbcnyl group wbich m turn is optionally 
substituted wiib onu or more halogen, bydroxyl, aQcoxy or 
caiboxyL In a parucularly prefemsrd embodiment, the hd- as 
crocycie U a pyrrondinc ring sucu ibat wbca W i& 40 amido 
group — C(0)Nft d — ur — NR 0 C(0) — ana W together 
form a prolirK amtao acjd residue. The prohne rezstdue is 
preferably subsriruied at iu* beta carbon (i.e. 3-posinon of me 
pynolidioc ring} with a phenyl group which is optionally so 
para-substituted (i c. at its 4-posmon) with nydroxyl thereby 
forming a constrained tyro^nc residue The pneoyl group i» 
0plion41y substituted at one or more at m? 2, 3, 5 and 6 
positions with a halogen, in particular iodo (I), chloro (CI) 
or rJuoro <l). Further, the mitogen atom of the proline r««du< ss 
is optionally acylaiod, in panicular ivilh an alfcmoyi group 
such a& acetyl. 

K a and R 4 are independently sclccieu trorn the group 
consistmg of H, hydroxy!, halogen, ammo, Oitro, cafDOxyl, 
aljcyl, alkenyl, alkynyl, a carootycle and a hctcrocyck, 
therein said alkyU alkcoyl, alkyoyi, caroocyclc and hettro- 
cyck gruups are optionally sutwilutxd with One; or raofc 
subswucuta selected from the group consisting of hydroxy I, 
halogpu. amino, oxo carboxyl, and opiionally one or 
more caroon atom* of said alKyI, alkenyl and alfcynyl group as 
is replaced with N. NR ftf O, S, SO or SO, In a parucuur 
embodiment R 3 arc H. Alternatively, one or both of 



and are a t-arboxy group — COOR A linked to the nng 
from wrucfc 4 depends via a linking group *«cp aa an nlkyj 
chain of 1-0 methylene groups in length and preferably 1-3 
methylene groups. The Hnjdng group may depend from the 
riog by a runctional group such as O (ah£oxy) t NR^ (amine), 
an arrudo group or a *ulfonanu4o group- In a preferred 
embodiment, born 'm' 4ml *n* are the. integer 1. 

Ro v> hy4tMtjcti, alkyl, aJkcnyl or allrynyl. In a preferred: 
embodiment R A is aucyi and more preferably methyl, la 
another more preferred embodiment R D is H- 

In accordance w»ib a preterred embodiment, compounds 
of the invention have the general formula (11) 



3u 



35 




wqerem 

Q is alkyl, alkenyl or alkynyl optionally substituted wtth 
halogen, carboxyl, alkyl or ury L and wherein one 01 more 
carnon atoms are optionally replaced with O, N, NR^ 
SO, or SO z , 

Rj is hydrogen or u> selected from The group consisting uf 
alkyl, aficenyl and alkynyl, each of which is optionally 
substituted with hydroxy 1, halogen, amino, miro, 
carboxyl, a carboeycle, or a hetcrocycle; or R x is a 
catbucyclc ur helerucyclo optiooally !>ubi4Tuu:d wUh 
nydroxyl, oxo, halogen, ammo, or oitro; 
ft 3 and R, are independently selected from the group coa- 
SiSnng of H. nydroxyl, halogen, arrnno, muo. carboxyl, 
alkyl, alkenyl, alkynyl, a carbocyelc and a bcterocycle, 
wherein saod alkyl, alkenyl, alkynyl, carboeycle and bet- 
erocydc groups ate optionally substimied w-uh one Qr 
more subsautcni^ selected from the group consisting of 
hydroxy!, halogen, amino, oxo and carboxyl, and option- 
ally one or more carbon atoms of said alkyl, alkenyl and 
alkynyl group ts replaced with N, NR^ O, S, SO or SO Zf 
k ts hydrogen, alkyl, auctnyi or alkynyl, 
R 7 is Hydrogen, hydroxy 1, halogen, alkyl, alkoxy or halogen 

substituted alkyU 
Rfc ^ U, alkyl, alkenyl or alkynyl, 

Re is H or NR W R U . wbereui R n and R iy arc indcpendenTly 
H, «cyl vr and amMio acid residue^ or one of K Al and R 15 . 
together with tt^ form a hcicrocyck, 

R 10 is O or S; 

m and n are independently 1, 2 or 3, 

p is an integer from X to 5, 

4 n4 fcalls, solvates and hydrates Mcrwf. 

In a preferred embodiment R 7 is nydroxyl at me para- 
posUion (i c ^pasit40p) of The phenyl group. Further R 7 
subsmuents as provided when 'p' is Ute integer 2, 3, 4 or 5, 
include 3-iodo, 3-fiuoro, 3-chioro and 2^^,6-totrafluOfD. 

In particular embodiment*, R 0 and R« are H and R J0 is 
oxygen Alternatively, R^ is methyl. 

In a preferred embodiment, fL> is NRnRn ^herein R u is 
K ana K u . is It or acyl, m parucular alkanoyl i c aceiyl. |n 



R« 
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of R„ vtf fc„. iogcU?cr wilb R„ form a 5-mcmpci- towo- -cu^iwuictj 
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and sails, solvate* and hydrates thereof 

U *iU be appreciate*! inai compounds at ibu mvoauun 
may incorporate chval Centers and itrcrcton: Cxiat us £Co- 
meixic aridstcreoisgrncrS. All Such isomers are ittuiemplatcd 
and art within (be scope of tbe invenuou wbuiber m pure 
isomeric form or w mixtures of such isomers as well as 
r&cern&ies Stereoisomenc compounds may he separated by 
established techniques m the art such as Liiromatojrraphy, 1 e 
diiral HPLC, or crystallization mcmods. 

•'Pbarmac^uiically acvcpwblc" =mUi* include bulb acid and 
b42»c 444mon Pnarmaccuucally **cccpUWc acjd addi- 
tion sail refers to mose salts wdicu retail ib* biological 
effectiveness and properties of die tree bases and wnicb are 
not biologically or otberwiae undesirable, formed wi\h inor- 
ganic acid* sud; as hydrochloric acid, bydrobrormc acid, 
sulfuric add, nilric *ci4, C4rburui. «ciJ, pbo&pburit: acid and 
the like, aad organic acids may be selected from ajipbatic, 
cycloaiipnatic, aromatic, araliph&ric, ncierocyclic, 
caiboxyhc, and sulfonic classes of organic acute *uch a* 
formic acid, acetic acid, propionic acid, glycobc acid, glu- 
conic aCid. l&Cf ic acid, pyruvic aCid. OXaliC aC*d, OJaUf aCid, 

mafcic acid, maloncic <*cid, nuccimc 4 cid, fumaric acid, 
tartaric acid, enne acid, aspartic aCid, ascorbic acid, 
gJuUrnic acid, antuianilic acid, benzoic acid, cinnamic acid, 
raandelic acid, emDOOiC acid, pAepylacetic add, metbane- 
aulton*, acid, tiDaocSulfonic acid, p-iolucnesulfomc acid, 
salicycuc acid and die like 

PhannactuUcaily acceptable base addition *a?fc* include 
[Dose derived from inorganic bases such as sodium, 
poias&mm, lithium, anunociiim, calcium, raa^aeoium, iron, 
*inc, a>ppcr, manganese, aluminum »Us and the like, par- 
ticularly preferred are die ammonium, poraWum, vadium, 
calcium and magnesium salts. Salts derived from pbaraia- 

ceuCiCally acceptable organic nontoxic bases includes Sails 
of primary, secondary, and ternary amines, substituted 
amine* including naturally occurring suhbriiurcd amines, 
cyclic amines and basic run exchange resins, such as 
iiopropy laroinc, trirncthylaminc, dictnyUmine, 
ifjcihylarniflc, mpropylaramc, cuianoummc, 
2-dicinylaminocinanol, inmcthaminc, dicyclohexylamine. 
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lysine, arginiQc, tusodinc, caffeme, procaine, bydxttbammt, 
choline, bciaine, cthylcncdiaraiuc, glucosamine, 
mcibylgluc&mtnc, theobromine, punned, piperizinc, 
piperiinc, N-ewylpipec idine, polyamme resms and in© lite. 

s Particularly preferred organic non-toxic bases arc 
isopropylaminc. diethylamide, cinanolaminc. irimcibamiuc, 
dVy^loWylamirie, cno«qe, and caffeine 

Compounds of the mvennon may be prepared according 
io cbu&iisuica arganic f»ymrtesis lecnniques from siarugg 

io raafcnajs and reagcnU mat are corrimcrciaUy available in 
genera], (be compounds may be prepared swung from a 
commercially available central ring system. Depending on 
the particular compound io be prepared, inc centra! nog 
syswm is manipulated to append first Hie carbojtyiate moiety 

l5 ^0^-C(0)0 — R, to X and l&cii the JL.— W— m0 4 cly to 
the benzene ring, or alternatively first appending inc 
R ? — W — moiety and tben the —-Q-— 0(0)0—1^ moiety 

In a panicular cmfxxbmcm, componnds of formula (laj, 
wherein X is C and Q mourporaret, an oxygen adjacent to X 

2u (i t 2iu ctner), are prepared according to ibe general scheme 
1 




Refemng to scheme 1 , starring compound (l), wnarem A, 
Y, Z, W, — R^, m and a arc as previously dt fined, rs 
roduced Wltb a Suitable reducing agent, sucb as sodium 
oS borobydridc (NaBHJ or equivalent nydode. to give alcobpl 
(ii). Dcpcnmng on inc panicular substuuciits, buinmg com- 
pound (i) may be commercially available or ^ oiher^vije 
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prepare acrardm^ to established organic syaibeuc tech- 
niques from compounds thai art coinmei dally available 
Trie final eiber compound (la) of the invention ^ achieved 
by tnuung alcohol (u) witn an b«u»c such as NaH followed 
by reacting with cjecrophibc intermediate (iu). wherein L is 
a auuablc It aving group such as a halogen i e Br, and Q' is 
(tie same a* Q, i.e. % carboxyl substituted vtlkyl, ^enyl or 
alkyny! chain, minus the tirsi carbon atom tnai would be 
adjacent to the ring »/*iem. U WiU be appreciated thai 
depending on Ihe parucuiar snbstiiuenia present m die 
compound, suitable protection and deprotcction procedures 
will be required as i> sundacO in ine aa. Numerous protect- 
ing groups ait described io Grecoc and Wuis, Protective 
Groups in Organic Chemistry. 24 eamoo, John Wiley and 
Sans, 1991, as *cU as detailed protection and deprotecuon 
procedures. For example, suitable amino protecting groups 
include i-butyloxycarbonyl (Boc), fluoreoyl- 
methylojtycarbooy I (franc), <>-tr*inethylsily I- 
et&yoTycarbonyl (Teac), l-inoioyl-l-(4-bipheny4yl) 
ctuaxycarDonyl (Bpoc), allyloxycarbonyl (Alloc), and 
benzyloxycarbonyl (Cbz). Carboxy I groups can be protected 
u ttuoccnylmctdyl group* and bydioxyl groups nuy be 
ptotcctcd wlm truyl. moqomertoxytrityl, dimcttto^yinlyl, 
and irimtrnoxyiriryl groups. 

Preparation of compounds uf the invention wheiein X i* 
carbon and Q j& an aJkyl chain, may be accomplished 
according To scheme 2. 





A, 



CH 



18 



10 



15 



optionally aubsuuted C, alfcyl UnJccr to — COOft lf iroer- 
mcd)4te carbamOD (ii) *s reacted with an a, p unsaturated 
carboxyiatc (rv) wherein each R is independently hydrogen, 
halogen, alJcyl, carboxyl or aryi, to give compound (lb) of 
the invention- Preferably R is halogen or C 2 . 4 -Ukyl 
methyl 

In another embodiment, compounds of formula (I), 
wberem X is N, arc prcpaiea according to scheme 3 



Ri— -w- 



25 



30 



35 



40 




Referring lo scheme 3, starting compound (i) is reacted 
with intermediate (ii) wherein L ts a suitable leaving group, 
i c fir, in the presence of a non-nude optulic base sucn as 
45 G^CO, or KCQ^ to yield the final compound (Ic) of the 
invention. Alternatively, starting compound (i) can be 
re^ctdd with an a, p unsaturated e*rbvxyUu= (m) m 
scheme 2 to give compound (lc) of the jovcouon. 

so In anoihe-r embodiment, compounds of formula (f) 
wherein W Is — C(0)NH— , — SO-NH— or — NH— are 
pi eparcd according to acbeme 4. 



Rs — w 



Referrmg jo scheme 2, starring cumpound (0 e» reacted 
with a noa-nuelcophilic ba^ *>ucb as NaH, LDA Or TBAF, 
io give caroanion (ii) which is subsequently reacted with 
intermediate («*) io yield compound of formula (lb) of me 
mvcniiou. In a particular embodiment wbereiu Q is and 




0^ 



W 
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amide* by using R = — C(S)H or R^— C(S)0— , and ibiocar- 
bamau:* may be prepared using R± — S — C(0)-J-Or QC 
(S)-L; nod iniourca* may b* prepared u*m& lsoihiocyanatc 
Ra— N==C^=S In a pamculv 

In another embodiment, compounds of formula (I) 
wnercifl W u — O — or — S — may p* prepared according 

lo set*: rot: 5a aod 5b. 




Referring lu scheme 4. from Me &w ting amine compound 
(i) nuy be prepared amide (Id), sulfonamide (Ic), 4mjne (It), oy 
carbamate and uroa (lb) by reacting (i) ropccuvcly witn 
intermediate* m activated csicr of R a — COjf, (w) 
Ro--S0 2 -L^Bcrcui LUa leaving group sucb as a balogtn, 
(iv) R*-L in ibe presence of a non-nuckopnUic b«v* or 

— C(Q)H in ihe presence of NaCNBH 3 , (v) R.~OC(0). 
L, nod (vi) jsocyajwlt — N— C^O. ll will be *ppret^alcd 
that tbiOamidcs may be prepared in a ssimdar manner as tnc 
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Referring va isebemcs 5a and 5b, (hi: staning hydroxy! or » 
fluol compound is reacted wiib a aoo-nuclcopbilic b<u»c such 
9& N*H m remove a proton. The anion is men rcaci^u w*m 
Jt,-L wncrein I_ is a *u;tablc leaving group io yield «ic 
resulting tUser <Ii) and ihlocther (Ij) compound of roe 
invcnUun »° 

In another sinbodimcni L.-ompuuud* ot formula {!), 
wherein W is carbonyl — C(Q)— T may be prepared accord- 
ing to scn*m« 6 




Refcrrui£ to scheme o, *uran& compound (j) is reacted 
wiib aldepydc inicrmpdwU: (ir) m ine presence of NaCNBH 3 
to fiive compound (&) of the invention, 

la another embodiment, compounds ot formula (I), 
wherein W U — NR p SCk— F arc prepared sroordwg m 
*cbeine 7. 




W 




Referring io scheme 7, staruug compound (i) is reacted 
wim sulfuric acid and iben P0C1 3 to give we sulfonyl 
chloride compound (iii) which u> reacted with -NH* io 
give compound (II) of ine invention- 

In another embodiment, compounds of formula (J), 
wtaertrui WisC, may be prepared according io scheme &. 

So 
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Referring to scheme S, sumus compound (i) is reacted 
with Pd* catalyst followed by Rj— B(OH) 2 or R.—C^Cri 
io give final compound (Irn) or (In) respectively 

la another embodiment, compounds of formula (I), 
wherein W v* carbamate — NR 0 C(0)Q — or ituocarDamaiv 
— NR 0 C(S)0— , may be prepare a according to scheme 9. 



yftr , ! | r 2 




dp) 



Referring 1° ^heme 0, starting alcohol compound *s 
reacted with intermediate R~— NC(0>l or — NC(S)-k, 
wherein Li* a amiable leaving group auch ao Br, 10 give final 
compound of ihc invention (Io) or (lp) respectively In a 
particular embodiment, a morpnolino carbamate compound 
of the invention by reacting ihc starting alcohol with 
mOrpoolm«:-C(0)--Cl 

In another embodiment, compound* of formtiU (I), 
wherein W is tmocan>amaic — «R 6 C(0)S — or miocaroam- 
aie — NR t> C(S)S — , may be prepared according to scheme 



16,753 B2 

24 

10 




CO 




Referring io scheme 1Q, starting thiol compound (i) is 
reacted with rotcrmcOule R^ — NC(0)-L or R.— M"C(S)-U 
wherein K i* a suitable leaving group such as Br, to give ftn*l 

40 compound of We invention (Iq) or (Ir) respectively. 

In an aspect of the mvennoo, there & provided a method 
of inhibiting binding of an integrip io * Ugwd, the 
cicuxxi comprising contacting saui imegnn who a com- 
pound of formula (I). The method may De earned out as a 
solution based or cell based assay wherein the compound of 

* the mvenuou is iptroduccd to the integral in the presence pf 
a putative or known Ugand of the irocgrin. The compound 
may be labeled, Car example iootopically radiolabeled, io 
facilitate detection of ugand binding or lack thereof to the 
rnt^gnp Thus compounds of tnc invention arc useful for 

* u diagnostic a**ay*. 

Compound* of the invention arc useful to prevent the 
interaction of an cpiinclial ccJl bearing VCAM-I aod/Qr 
M/V1CaM on the cell surface wim a leukocyte cell bearing 
a 4 p 4 ana/or 0^7 on the surface py contacting the epithelial 

ss cell or the kuloocytc with an inhibitory amount of the 
compound of the invention The compounds are useful in 
assay* to determine me inhibitory crrcct of a compound 
Which aula£0Ui2eS the bipdm^uf o.^ l and/or a 4 p 7 intcgrifl 
to VCaM-1 tigand and/or M AdCAM hgand. Toe inhibitory 

00 compound may be a ^mall molecule, a protein or peptide or 
an antibody In an in virro assay, me ligand or the uitcgnn 
may be directly or mdutctfy bound to a surface, such as 
microliter plate, usmg known method* described for 
example m WO 9S2011Q, WO 9*13312, WO 9624673, Wp 

us WO 0036303, una WO 9910312 The oihcr mem- 

ber of mc binding pair, e.g. inc inicgnn or the ligaud, 
respectively, (or a cell expressing the same on its surface) is 
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then added to tho surface bound robber and the mrubitory rier *ubstan<xs suitable for non-parenteral administration 

effect of a test molecule is determined. The inhibitory winch do not delcterjously teaer with compounds of the. 

activity of the compounds of the invention mi also be invention can be used Suitable pbaruiaceuiiciiily acceptable 

determined with Uus type of n^say carriers include, but ore not unwed to, water, salt solution*, 

The binding of the integrum to tbeir respective ligauds is s alconol, polyethylene glycols, gelatin, lactose, amylosc, 

known w be involve: 4 i« inflammatory condition* associated magnesium sicaratc, talc, silicic ax: id, viscous paramo, 

wi\h leukocyte infilcration of tissues lined witn epithelial hydroxy meibylc*llulose, polyvinylpyrrolidone and dip like 

cells expressing VCaM-1 or MAdCAM- Such tissues The formulations can be steidizcd and, if desired, routed 

include the gastrointestinal tract, skin, urinary tract, respi- with auxiliary agents, e.g., lubricants, preservatives, 

raiory airways and joint synovial tissues, The compounds of to stabilizers, weiring agents emulsiners, salts for influencing 

die invention arc useful in treating diseases in which such osmotic pressure, (rafter;*, colorings flavoring* and/or aro- 

bindwg i* implicated as a cause of the disease or symptoms matic substances and me Idee which do not delcicriously 

uf the disease. Undcsired dise aymptonismay arbc from react wjtb impound* of the invention. Aqueous suapen- 

cell adhesion and/or coll activation which release* prOin- sious may contain tiulislftricc* which increase the viscosity of" 

ftammalory mediators, typically when there is an increase or is tbe suspension including, for example, senium 

uprtgulaiion in ifte expression of VCAM-1 and/or MAd- carboxymctbyicelluiosc, soroiioUndAw dexrran Optionally, 

CaM on the: surface of endothelial ceils Various disease the suspension may also contain stabilizers, 

states which can be treated dad for wtuca Uie inflammatory la a preferred embodiment, compound* of the invention 

symptom* can be reduced upon administration ot roe com- are administered via oral delivery. Compositions for oral 

pounds of me invention include rheumatoid arthritis, 20 administration include powders or granules, ^pension* or 

astbma, psoriasis, multiple sclerose inflammatory bowel solutions m watci or non-aqueous me4i4, capsules, sachets, 

disease including ulcerative colitis, pouchitis and Crohn's troches, tablets or SEC* (soft elastic capsules or caplets). 

disease, CcUuc dooftao, oororepieal Sprue, grafi-versus-bost TtuoW~nor-4, flavoring sgems, dduems, emuifiifi^ts, dispell 

disease, pancreatitis, insulin-dcpendem diabetes mcliitus, ing aids, carrier substances or binders may Dc desirably 

mastitis, cholecystitis, pericholangitis, cbtonic sinusitis zs added 10 such formulations. Such formulations may be used 

ctironic bronchitis, pneumonitis, collagen disease, eczema, W affect delivering the cornpminds to the alimentary canal 

and systemic lupusierytbematosis. Compound* of the inven- for exposure to me muco** thereof Aocordmgly, the for- 

uon are useful in treating these diseases and conditions by mulation can consist of mate-rial effective in protecting the 

inhibiting the inicgrin/ligand binding- Compound* of me uiimpouud &om pH cXUcuKS of tDe btomoch. or in releasing 

invention are therapeutically and/or prophylacucally useful 30 me compound over time, to optimize the delivery thereof to 

for treating diseases ot conditions mediated by a* integna a particular mucosal «le. Euleric coalings for acid-resistam 

receptors i e cl£ x and ano/or their hgand*, w pai^ tablets, capsules and c*plet, are known w the art and 

ncular VCaM-1 and MaDCAM-1. Accordingly in an typically include acetate pntnalaie, propylene glycol and 

aspect uf the invention, ihcrc is provided a method ot sorbiian monolcaw. 

treating a disease or conddton mediated &y the inicgyin *s various methods tar producing formulations for abmcn- 
receptors or ligandH of miegim receptor ligands in a tary delivery are well known in the art See, generally 
mammal, for example a human, comprislnfi adminrtieriwg to Kemvigion's Pharmaceuxical Sciences, l&ih Ed . Genuaro, 
S4id mammal an er&ctive <unount of a compound of the cd , Mack Publishing Co., Easmn, Pa., i9yO. The formula- 
invention. By "effective amount" is meant an amount of uons of the invention can be converted in a known manner 
compound which upon administration w capable of reducing into me customary formulations, such as tablets, coated 
the amount of tigand *bk to bmd to o:„ integrals in vivoi or tablets, pills, granules, aerosols, syrups, emulsions, su>pen- 
an amuuni of compound wtaen upon 4dmmisir4tion is sjons and solutions, ubing inert, nvn-iu*ic 7 pharmaorutically 
capable of alleviating or reducing tne seventy of symptoms suitable excipients or solvents- The therapeutically active 
associated with tbe disease or condition mediated by <i« compound should in each case be present in a concentration 
*nicgrin> or ligands thereof «f about 0 S<& to -bout 99% by wcigni of tbe total mixture, 
The actual amount of compound administered and the thai is to say m amounts which arc sutficicm to acbicve the 
route of administration will depend upon the particular desired dosage range. Tne formulations arc prepared, for 
disease or condnion as well as other factor* such as the size, example, by extending the active compounds with aOlveuls 
age, sex and ethnic origin of the individual being treated and and/or excipieuts, if appropriate using emulsifying agents 
is determined by rouuuc analysis. In methods ot tbc 50 and/or disposing agputs, and, fat example, In me case when: 
invention, the compound may be admmuiertd orally water is used as mc diluent, organic solvents can be used as 
(including buccal, sublingual, inhalation), nasaUy. rcctally, auxiliary solvents if appropriate. 

vaginally, intravenously, iniradc finally, »ubcuianeou4y *nd Compositious may also be formulated with binding 

topically. Compounds will be formulated into compositions agents (e g-, pregelannised raaia* starch, polyvmylpyitoli- 

suitable tor administration for example with suitable ss done or bydroxypropyl metbylcellulose)i tillers (e.g., 

earners, dduenK, thickeners, adjuvants etc as are routine oi lactose, microcrystatline cellulose or calcium bydmgep 

tbe formulation art Atacordingly, another aspect of the pnoipbaic), lubricants (e.g., magnesium Stcafate, talc qr 

invention provides pharmaceutical compositions compns*ug silica), disintegrates (e.g., starch or sodium starch 

9 compound of formula (1) «nd a pharmaceutically accept- glycolaic); or wetting agents {e.g , sodium lauryl sulfate), 

able carrier, excipienl or adjuvant. Compositions of the qO Tablets may be coated by methods well known in me an. 

invention may also include additional acave ingrement*. The preparations may also contain flavoring, coloring and/or 

Dosage forms include solutions, powders, tablets, capsules, sweetening agents as appropriate 

gel capsules, suppositories, topical Ointments and creams Formulations of the present invention suitable for oral 

and aerosols for inhalation. Formulations for non-parenictal administration may be presented as discrete units such as 

administration may include sterile aqueous soluuons which as capsules, caencts or tablets ^acb containing predetermined 

may also contain buffers, diluents and otner suiiaoie aOdi- amounts of the acuvc ingrcdicnisj as powders or granules, as 

UVCS Pharmaceutically acceptable orgauiC Or joOrgamc Car- solutions or suspensions in an aqueous liquid ur a nOn- 
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aqueous liquid, or a* o4-in-waicr emuUiorw or wia-wOtl 
Lo.uid emulsion* A ubtct may be made by eomprea*ion or 
moving, optionally w«& one or more acoes«sory wiaredieuis. 
Compressed taolets may bt prepared by compressing in * 
*uirable machine,, ihe active ingredients in a free -flowing 
form sucn as a powder or granules, optionally mixed Wftn a 
binder, lubricant, incn diluent, preservative, surface active 
or dispersing agent Molded tablets may be made by rnojd- 
«g in a suiiabjc machine a mixture of inc powdered com- 
pound moistened with an wcri Unwind diluent Tnc tablets 
may opuonally be coated or &cor*d and may be formulated 
no as to provide slow or controlled release of Uie active 
ingredients therein. 

EXAMPLE I 
Synthesis of Compound 5 



15 



H2N- 



MjBtyMcOH 




Commercially available 2-ammo-9-fluorenone 1 (10 
mmoj) wa» dtaolved in 100 mL of methanol and 0.38 g (10 
mmoj) of sodium boronydnde was added. Tnc mixiurc was 
stirred at 25° C for I b and concentrated 10 dryn™ under 
vacuum Tbe residue was suspended in 11X> mL of >aruraUd 
aqueous NaHCO-," and extracted witn etnylacetale (IQD 
mL) The cUiylacciaic layer wa* concentrated under vacuum 
and the residue was crysraUiztd from tlhylac^Ulfc/heacane 
(2 1) to afford I A g of pur* 2-amino-9-hydrox7fluorcne 2 

Compound 2 (0 39 g, 2 raraol) was dissolved in 50 mL of 
anhydrous DMf and cooled 10 0° C. under nitrogen LtUnutn 
bisinmetbylsUylarnide (2 mmol; 1M in THF) *w added 
dropwisc and stirring wa* continued tor 30 mm. lodocioy- 
lacetatc (3 mmol) was added qrop\wi*c <md the solution was 
Mined 12 h at 0° C. The reaction mixture w« poured info 
200 mLof water and extracted wLm ethyl acetate (300 mL) 
The extract was concentrated; and the produa was purified 
2Q vm silica gel chromatography (25% ctbylacelate/bexane) to 
afford 03* g uf fluvrenyl ctber 3 

Fluonrnyl ether 3 (0.28 £j I mmol) was dissolved in 5 mL 
of £>MF and N-FMOC L-lyius>inc (i mmol) was add*q 
followed by HATU (1 mmol) and N-memylmorpboUne (2 
mmol) The reaction was stirred overnight at 25° C, poured 
into 50 mL water, and uV product ^attracted with ciby la- 
ctate Concenintuou under vacuum afforded 0,5 g of crude 

4 wtaeh was used directly in me next step without further 
30 purification. 

Compound 4 (0 5 g) was dissolved in 1:1 THF/watcr and 
3 mL LiOH (1M in water) wae added The reaction was 
mured lor 4 h at 25° C. and concentrated under vacuum im 
remove most of the THK The aqueous solution wa> lyo* 
prnlizcd and me crude product wa* punned by reverse 
HPLC (acciowtnle/waicr gradient) to afford 90 mg of pure 

5 as the TEA salt 

exAMfLe2 

Synthesis of 2-Aramo Camazoio 



CtfeOOCl 

A1CI3 



is 




p/riQtnc 



TPa 
2)10%KOH f 
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continued 

HjN. 



30 



Carbamate (100.24 g) was suspended m accuc anhydride 
(300 mi.) with caialy&c boron truluoridc cjbcraic (0.65 raL) 
and the solution rcfluxert for 25 aun. then cooled to £> Q C. and 
cbc »ond wa* tben collected and rccrysulnsttd from bexaoe 
Id give 82.65 g 9-acdyl-c»TOa2olu, 



10 



romoJ) HBTU and 0.3 mL (1.7 mraol) DlPEA- The reason 
was stirred fur I b, poured imo ethyl acetate and washed 
cousccnnvely w 4 th 0.1N H^SO*, aq. NaHC0 3 and brine tben 
dned over Na^O, and concentred FMi cru^maiogfaphy 
(10% meiDanol/mcihylcnc chloride) gave 010 g (0 26 
awnoj) of tpe aociylatcd amine. Thin was sUrred for i b wirh 
cesium carbonate (0 l£5 0 57 mmoj) and echyl bromoac- 
ciaie (0 043 ml-, 0.39 inmol) iu 4 inL OMb and ibcn poured 
into eibyl acetate and washed wiib saturated NH 4 C1 and 
brme and dried over Na^SO* and concentrated Wiiftouj 
purifieauou \iu& was dissolved in 5 paLTHF and 5 ml- wan* 
and 0.043 g (1 mmol) UOH was added. The esrer was 
craved in <30 rntn and then diluted wab ethyl acewte and 
washed consecutively with 0 IN H^SO^, and brwe and then 



v-Actiyl-carba^ii»(4j.»5g 1 0 2roQl)^4j»Mrvcdipl 15 dncd ovtr n^so^ ^nd concentrated. The pxoduci was 
L methylene ehloridc and 28 5 inL aceryicoloridc (0 4 rani) 
and 130 g aluminum ebloodc (0.9 mol) were *44cd and the 
solution refluxed for 1 5 b The solution was copied 10 -78° 
C. and 6N HCl was added slowly while stirring and allowed 

7U 



u> warm 10 room temperature Methylene chloride was 
added to dissolve the precipitate and tOc aoluiion was 
extracted, and ib= organic* dried over N^SO^, decolorized 
v-ilb chareO»l. filtered and concentrated. Recrysiallizaricn 
from benaooe/hexanc gave 27 9 g 2,9-diaceiylcaro32olc. 

2,9-DiacclyItarba20lc > (25.1 g, 0.1 mol) was dissolved in 25 
100 mL pyridine. Hydroxylamtne hydrochloride (10.42 g, 
015 mot) was added and the solution rtftluxcd tor 20 mm. 
The mixture was cooled and poured into 70 roL cone HO 
in ice The precipuoie was collected by filtration, wasncd 
with a large volume of water and dried in vacuum over KOH 30 
to yield 24 g white soud 5 g of this solio (1* 8 mmol) was 
dissolved in 1 7 rnL TFA and 0.3 ml. trifluoroacciic anhy- 
dride (2 1 mmol) was added The mixture was refluxed for 
20 mio then concentrated 10 give rhe crude 2,0- 
dJaeciylearbaaolB amine. Both acetyl groups were removed as 
by suspending the crude material in 400 ml- 10% aq. KOH 
and refill xing for 1 day Tbe solution was cooled and ethyl 
acetate added and tpe product 2-arnwocarba2ole was 
extracted, washed wim bruic, dried over Na 2 S0 4 and con- 
centred. 



lyoprnli2ed and pUftficd by HPLC 
HXAMfLfc 4 
Synthesis of CompOuQd 7 

.fi 



1) cojiiiN'AcTyr 
HBTU/PtPgA 

2) &Jiyl DfOxnOuOCtelc 

3) UOH 



h; T 1 



j — coji 



EXAMPLES 
SynthL-sis of Compound 6 



i;Ae-Tyi 

KBTU/PtrfcA 
2) Ethyl bromoKcaw 




To 0 1 g (0^5 mmoi) 2-amiruK.arba?oIc iu 6 mL DMf 
was added 0.37 & (1 .65 mmol) of N— Ac-t-Tyr. 0 37 g (I 65 



To 6-57 g (31 44 mmol) of me 9-acciylcarOazoie in 20P 
mL CH 2 Cl 2 was added 10.68 q silver mlralc (63 mmol) and 
25.1 g aluminum cnloride 6 ramo!) Tins was sflned at 
45 room temperature for 2 b, diluled wub meulyleoe cnlond> 
and poured onto 4C0 containing 82 mL cone HCl. The 
organic layer was separatfd, washed tnree times with water, 
dried wim MgScj„ and concentrated 10 « dark brown solid 
The solid was dissolved in 200 mL methanol, aq KOtf 
50 ««s «dvfcd and iho isoluiion wa> refluxed for 1 & The 
solution was cooled and voneentrated, then taken up in ethyl 
acetate and washed consccunvcly with water and brine then 
dried over N^SO* The P-nilrt*:4rb*uoli: (0.1 g, 0.47 mmo}) 
was dissolved m 3 mL DMT and 0.13 mL (1 42 lomotj 
55 methyl acrylatc and 0.69 g (2. 12 mmol) CSXO a wtre added 
The reaction wa* birred for 2 n, diluted w»th ethyl acetate 
and washed wim saturated NH»Cl and brino «nd Unfn dnqd 
over N4 2 SO„ and concentrated. Flash chromatography (25^ 
eibyl aceuie/hexane) gave 0,081 g alkylated 
o0 9-nitrocarba*ole. Thi* waa eUfisolved m 5 mL methanol and 
a spatula of Pd/C and a balloon of were used to reduce 
The mrrocarbazolc id the amino carbazolc This was dis- 
solved in 5 ml. DMF and 0-167 g (O 75 mmol) N— Ac-Lr 
TVr, 0 394 g (0 96 mmol) HBTU and 0.19 mL (1.12 mmol) 
as DIPEA were added, llus was stirred for 1 b, diluied wiib 
eibyl acetate and whined con.->ecuiively with 0.1N H^O^, 
aq. NaHC0 3 <*nd brine 4 nd ihrn drxed over Na^SO^ and 
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concentrated Without purification ihm was dissolved in S 
mt THF and 5 mL wafer and 0 063 g (1-49 mmol) UOH was 
added. Tnc ester wa* curved in <20 mm and diluted *utn 
ethyl acciaic and washed eon&ecttlivcly wiln 0.1N H 2 SO M , 
aod brine . This was dried over Na^SO^ and conccntr atcd and 
men lyopmiiicd and purified by HPLC 

example 5 

Synth"** of Compound 8 




CO,H 



-continued 
OH 



10 




cos 



is 



Kb 0.2 g <(l 48 mmol) of ihc 2~arninocartiaiolc acy fated by 
U)c cuxutraincd-Tyr (a* in example 5) in 5 mL DMf was 
added cesium carbonate (0.349 fc, 1-07 mmol) and metfay- 

20 Ucrylare (0.O43 mL, 0.73 ramol). This was suned for In, 
men poured into einyl acciarc and wasncd wuh saturated 
NH^Cl and brine and ihen dried over Na^SO^ and conccp- 
rocd- Wiifcowi purification mi^aa diaootved io 3 mLTHf 
and 3 mL water and 0081 g (1 92 mmol) LiOH wa» added. 

2* The ester was cleaved m <20 mm and then diluted with ethyl 
aeeiaie and washed consecutively with 0.1N H 3 S0 4 . an(J 
brine Thi* dried over Na^SO^ conccnirawd and men 
lyopftilttcd and purified by HPLC. 

30 EXAMPLE 7 

Syntfi^t* oi 3-Aromo*Diben%o$uberol 



HO 



To 0 3 g (1 64 mmol) 2-ammoc:trb2izajB in 6 mL DMF 35 
W42» *ddcd 1 2 g (6 59 mmol) of roe cors^ roed-N — A^-L- 
TVr, 2.31 & (6 1 mmol) HBTU and 2 mL (11.5 mmol) 
DIPEA. The reaction was srincd for 2.5 n, poured into einyl 
aoeiaus and washed consecutively wim D.1N H^SO^, aq. 
NaHC0 3 and ©noc and inco dried over Na^O* and con- 
cennaicd, Flasft enromatograpuy (1U% methanol/methylene 
chloride) gave 0.60 g of me aociylated amine. 0 20 g of mis 
w*j> stirred for 1 n with ces»irm carbonate (0.349 g, 1.07 
mmoi) and ethyl bromoactiatc (0.0S mL, 0.73 mmol) in 5 
mL DMF wweb was then poured mm einyl acetate and 
washed who saturated NH«Cl and brine and men dried over 
Na^SO^ and wonccmrated. Without purification inb wan 
d42Aolvcd m 4 mL THF aod 4 mL water *Cd 0.082 g {l 95 
mmol) LiOH wa* added. The c*i*r *as cloved in <3Q iron 50 
and men diluted wiih cihyl acctaic and wasncd consecu- 
tively wjb O.lN tLSO_. and brwo. Tms was then dried over 
Na*SD 4 . concentrated aod ihen tyopbilized and purified by 
HPLC. 

EXAMPLE 6 



Synthesis of Compound 9 



MBTU/DIPCa 
Z) bromoaocpiic 

3>LiOH 




Dibcqmsubcrol (60 g, aldnch) added to 100 ml of 
srjrrcd conccqitatcd nitric acid at ambjeai temper arure. Pen- 
odic reaction progress anaiyaos (nc, NMR and IR) mdicaibd 
mat diboozosnberol wa* nrst oxidised to dibenyo^ubcrone, 
a> men mtraied at the 3-posiuon After 2 nours # iht: reaLUOp 
mixrurc waa poured mio ice waicr and cxiracrcd wiin 1:1 
nexane;c(hy] acciaK. The crude product was purified by 
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flash chromatography on siuca (9: X Dcx/E;Oac) to yieJO 3 22 
g (45%) of 3-oitroditxrnzo>ub^ron<: 

3-ruiroben20Subcrone (3.22 g) waa reduced wiUi hydro- 
gen at 40 psi in 1 : 1 mtih*nol/THF (40 a4), acetic acia (2 ml) 
and 10%Pd/C (0 5 g) for 13 Hours, Fduaiion *nd cocccn- 
irattau gava 3-aminodibenzo>uberone 1-35 g (43%). 
3-amiAodibcii20AibcroDc (1.35 g) and sodium borohyaridc 
(3 g) were dissolved iu 100 ml THF. Eihauol (3Q ml) was 
added ia poniODS over one tour wib s curing at ambient 
temperature. After 18 hours, IN HCl was added dropwue 
uquI a pH of 7 was obtained. The reaction mixrurt wv> 
partitioned between 11 hc^nc/cihyl acciaic and ^airtTutod 
aqueous sodium oicarbonatc:, cashed wnh bricc, dried over 
sodium sulfate, filtered and concentrated to give 1 0 g of 
crystalline 3-amioodibcnzoiubcrol (74%) 

EXAMPLE 8 

Syflincasts of Compound 10 



34 

EXAMPLE 9 
Synthesis of Compound 11 




2 AC-O. 

DIPEAy. PCM 



10 



3-aminodib«uZosut>crol (0,05 g) was dissolved m dry 
DMF (10 ml). Sodium hydride (0.25 g of 60% in oil) was 
added and ttic reaction rnmure stirred until hydrogen evo- 
lution ceased Ethyl lodoacctatc (1.35 g) added and ihe 
reaction mixture stirred at ambient Temperature for 3 hours 
men paniuuucJ between tinyl aceiaie and water, washed 
with bnnc, dnxd and concentrated. Flash chromatography 
on silica (75:25, he^EtOAc) gave 0.79 g of 3-amin0-5- 
(cthyl oarbuxymcihyl) djbca2feubcr*nc (b0%). 

3-annno-5-(ethyl carboxyractbyl) 4tben2osuberaue (395 
mg) 7 N-acctyi tyrosine (425 mg), UBTU (723 m&), dii*>- $5 
propylcthylamine (491 ms) and 5 ml anhydrous £>MF were 
corubiqed and siirred at ambient temperature overnight The 
reaction wa* partitioned between crnyl acetate and 10% 
aqueous citric acid. The organic phase was dried, filtered and 
the product purified on sthca (96 4 methylene ou 
crdondermcihanol) to give 290 of 24015-94. 

The above product (24015-94, 50 mg) was dissolved jn 8 
ml of 1:1 ethanui water and 6.1 mg of lithium hydroxide 
mononydratc *dde4 After 3 bonis, nydroiy»i» wa* complete 
and 1 ml ot acenc *cid was added. The reaction mixture a5 
cOiiecnUttled and the product purified by HPLC (1 inch 
C-L&, 10 to 90 in 60 nun, 25^ nm) 




68 of acrylic acid (0.25 mmol, K— H) **** added to 4 
mL of DCM followed by 135 mg at HOBl (O 25 mmoi) ana 
157 pi. of PlPC (0.25 miuol). After cqudibr&uctn tor 2 ruin 
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This solution ww combined wtfn 200 mg of Wang polysty- 
rene resin (0 5 mmoi/g, 01 "unol) and allowed vo shaKc for 
4 b at which time die it±4a filtered and wasned exten- 
sively wU& repeating volumes of DMF, THF, McOH, and 
DCM- in a dry vial, 2 rot of THF was combined with 2 QH_ 
of a i.QM solution of TBAF in THF (Aid rich Crwmicai 
Company). 3&2 5 mg qf S-aromofluofajie (X=H) was added 
iu ihc TBAF solution aod allowed to shake for It) min prior 
to adding it to die previously mentioned resin. THe rcsia was 
surfed for 16 b and mc wa>hed <$s before- At trus poiqi, me 
imjiio acid tyrosine v»a» coupkd lo ibe awuoo ou the 
fluorenyj ring by treating the ream with 4 mL of a 0 25 M 
solution of tnc amino acid, HOau HATU, and DIPHA m 
DMf for 16 h After washing the ream the FMUC piOtccun& 
group was removed by mixing tnc resin with 4 mL of * 25% ;$ 
piperidiue solution in NMP for 10-15 min. Tnc prpcrulinc 
was removed from the? reiiia wtfb repented wn&rudgs and tHo 
acylanon was performed on the resin using a solution of 
acetyl anhydride and DIPEA each at a 0.25 M concentration 
in 4 mL of DCM for 1 h, followed by & washing step. The 2Q 
compound was liberated from the resin by Treating it with 4 
mL of a 90% TP A, 5% DCM, 2.5% water and 2 5% 
tricihylsitone cocktail for 1 h The TFAsoruuon was filtered 
from the resin and evaporated under a stream of nitrogen 
gas The product was purified on a C-18 reversed phase ^ 
HPLCto yield 3 mg of product (R, R'-H) and corjfirmed by 
mass spectroscopy. 

The reaction with the acrylaie could also be performed 
where R was an alkyl group In Cases where R'-Br then 
Suzuki couplings using aryl boronic adds were performed 30 
prior to the acylaiion wiin fMOC^yrosirje. a typical pro- 
cedure is as follows. The resin (100 mg) is swelled ill 2 mL 
NMP containing 0.25 M boromc acid, 0.25 M DlP£A, and 
50 mg of Palladium catalyst, PdCPPh^aCU and heated to 60" 
C. for 6 hours A variety of amine Or carbonate Oases add 
paladium catalysts could be also used to perform mis 
transformation. Additionally the nitrogen on the tyrosine 
ring could Do acylaicd or sulfonylated under a variety of 
conditions to yield products with functional groups other 
than the acetyl group. By products resulting from an addi- 
tional aery late adding to the 9-po»iuon of the uaortnyl ring 
were observed with higher loading resins and m some cases 
were isolated in significant quantities. 

EXAMPLE 10 

Biological Activity Assays 

The compounds of the invention can be assayed for ability 
to block the o^T/MAdCAM-l or a^/VCAM-1 binding 
interaction by addition of ocrial dilutions of the samples lo 
plates with the receptors as follows. 96-well plates arc so 
coated with mouse anti-human a 4 (3l470D f PharMmgcn, 
San Diego, Calif ). The plates arc decanted and blocked *%\h 
05% BSA. After washing aJJj or is added, followed 
by lDCubation lor 2 to at room temperature. The plates arc 
washed and samples of the small molecule antagonists are 5i 
added to the plates with MAdCAM-l-Ig-HRP or VCAM- 
l-Ig-HRP for 2 h at room temperature. After an additional 
wash, ttV bound MAdCAM-l-Ig-HRP Or VCAM-l-Ig-HRP 
is detected oy addiiion of tetramethylbermdirie (TMB, 
Kirkegaard & Perry, Gaithcrsbcrg, Md ), followed by dctec- oo 
tion of the absorbance of the product- 

Altemativelv, the compounds can be. assayed using any 
known protein— protein or cell-based assay method, sucn as 
those described, for example, in WO 997l0n2(exarriples 
179-180) and WO 99/36393 (RPMI-CS-1 cell adhesion os 
assay). Sec nUo Cardarclli ct al., 1994, J. BioL Chcm., 
269:18668-18673. 
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For example, ^O-wcli FU$A pUlc* art coated overmg&l 
at 4° C with 2 ,-g/ml v^ih anU-humau CD49d, (31470D, 
PnarMingen, San Diego, C 4 Uf) in phosphate buffered 
saline. The plates are decanted and blocked with assay buffer 
(50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1 mM MnC^ T 
005% TVveen-20 and 0 5% BSa) at room temperature for 
one Hour, with gentle shaking The plate* are washed three 
urnes (in 50 mM Tris-HCl, P H 7 S, 100 mM NaCl r 1 mM 
MflCl 2 , Q.U5%> Tween-20) and 2 jug/ml of the desired inlegr*n 
iu assay buficr is added, followed by incubation at room 
temperature for two hours, with gentle abalong After wan- 
ing, inrcc bmes r 30 ^d of samples of the smad mokcutc 
ant4gonjsi2i (^erut dilutions from JO mM stoefcs m 1 00^ 
DMSO) arc adoed to tnc plates with 50 pi of 1 ^fi/ml 
MAdCAM-Mg-HRP or VCAM-Mg-HRP in a»»y buffer 
The plates are incubated two boms at room temperature, 
with Gentle shaking, followed by washing six tunes. The 
bound M AdCAM-1 -Ig-HRP or VCAM-l-Ig-HRP is 
delected by addittoa Of the peroxidase subsirale, 3, 3', 5, 5\ 
tetrameihylbenzidine (TMB, Kirkegaard & Ferry, 
Gaiihersberg» Md ), for 10 minutes, followed by addition of 
1M phosphoric acid to stop the reaction. The absorbancc of 
the solutions art read at 450 nra on a plate reader. 

Suitable animal models exist for many disease* and 

conditions which can be treated with the compounds of the 
invention Additional confirmation of the efficacy of these 
corrrpounds in specific diseases and at desired doses can be 

assayed using these established models. For example, ani- 
mal models of chronic inAamraatory diseases such as asthma 
(Laberge, S ct al^ Am. J. Respir Cm Care Med , 1995, 
151:822-^290. rheumatoid arturitis (RA; BarbadiUo, C et 
al , Springer Semin Imnrnnopathol , 1995, 16-375-379), 
and xahanimatory bowel diseases (IBD. Podalslo, D. IC, N. 
Eng. J. Med., 1991, 325:92&-937; Powric, F. ct al, Ther. 
Immunol., 1995, 2 1 15-123) may oe used to demonstrate the 
*clrvity of the compounds of the invention and to cunduut 
dose and efficacy studies. 
We claim: 

I. A compound having the general formula (II) 



40 




wherein 

is alkyl, alkenyl or aQcynyl optionally substituted with 
halogen, carboxyl, alkyl Or aryl, and wherein one Or 
mors carbon atoms art optionally replaced with O, N, 
NR 0 , S, SO, or SO*; 

Rj is hydrogen or is selected form the group consisung of 
alkyl. alkenyl and alkynyl, each of which is optionally 
substituted with hydroxy I, halogen, amino, nitro, 
carboxyl, a carbocyclc, or a hctcrocyclc; or R 4 , is a 
cawbocycle or helerocyclc opHonally substituted with 
hydroxyl, OXO, halogen, amino, Or ruIrO, 

R 3 and are mdcpendcntly sctccted from the group 
consisting of H, hydroxy!, halogen, amino, nitro, 
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carooxyl, alkyl, alkenyl, alkynyl, a cait>ocyck ana a 
hctcrocycle, wherein smd alkyl, alkcoyl, alkyoyl, 
bOcjclc and hetcrocyclc group* arc opuonaUy substi- 
tuted wuh one oi more suDsuiuonts selected from ioc 
group coiw^ng of hydroxy, halo^n, amino, oxo and 
carboxyl, and optionally one or more carbon mora* of 
said aikyl, altonyl and alkynyl group is repfectd wuh 
N, NRjs? S, SO or SO.; 

Rq is hydfo^dq, alkyl, aJtanyl «r alkynyl; 

R, is hydrogen, hydro*yl, nalogcii, alkyl. alko*y or 
halogen substituted alkyl, 

Ra is H, *lkyl, alkenyl or alkynyl; 

w NR„R ir unrein one of R 1; and R„. U H, «cyl or 
an amino acid residue, and di*r other together wim R v 
forms a helerocycle- 

R 4V i* O or S, 

m and u are independently J, 2 or 3, 
p is an mkger from l to 5i 
and salt*, solvates and hydrate* thereof. 
2 The compound according io claim I, therein Q is an 
alkyl cuam ot J to 3 caroon alom> in kn^n. 

3. rac compound according to claim 2, wherein ^id ajkyl 
chain is 2 carbon atoms in lengin. 

4. The compound according ro claim 2, wuercm one ot' the 
carbon atom* in said alkyl cnaio is replaced wim an oxygen 



JO 



5. The compound according to claim 4, wherein said 
oxygen atom is adjacent to she ring. 30 

6. The compound according k> ckim l f wherein R 2 is H 

7. The compound according to tiara 1, wherein R* ana R. 
are bom H- 

$ Toe compound according ro claim l, wherein R 0 k> H 
9 The compound according u> claim X, whtrcin p is the 35 

integtr I, and is OH at the para-pwiuoo. 
10. A compound according to claim 1 selected from the 

group consisting Of 





and salb, solvajes and nydralc» thereof 
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